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Abstract 

This paper descC'ibes the magnet lattice chosen 
fo(, the LBL 1- 2 GeV Syncht'otron Radiation Sou['ce. 
The structure has a ci['cumference of 196.9 m. with 
12 dispel'sion free str:aight sec lions that can 
accommodate inscC'tion devices up to 5 m long. The 
ach['omatic aees that connect these straight sections 
featut'e combined function (Bt'adient) bending 
magnets. Utilization of three such magnets in the 
so-ca lied tht'ee- b e nd - achC'omat (TllA) 8c['angement I has 
several benC!ficial effects: (1) it. ['educes the 
amplitude of the vertical bela- function in the 
bending magnets, thereby minimizing the requi['cd 
aperture; (2) it changes the damping partil:.ion 
number in such a way as to t'educe the natural 
emittance; and (3) it produces separation of the 
beta- functions such that relatively low sextupoLe 
strenglhs are sufficient foe chromatic correction. 
The result is a structure with very low emittance 
(II nm- rad at 1.5 GeV) lhal is conectabLe with only 
two families of sextupolcs while mllinlllining 
excellent cht'omatic propel'lies and acceptable 
dynamic aperture. 

Introduction 

The LBL 1- 2 GeV Synchrotron Radiation Source is 
a third generation , low emittance storage ['ing 
optimized lo produce high bdghtness XUV ;)nd soft 
X- radiation £l'om long undulatol' and wiggle l' magnels , 
Constl'uction of the Source will start in 1988, with 
fu l l operation (including five insertion devices) 
expected by the end of 1992. The facility is based 
on an electron storage ring (circumference 196.8 m) 
with 12 dispersion free straight sections, 11 for 
insertion devices and 1 for injection, connected by 
achromatic arcs. Each acht'omat contains three 
gradient bending magnets in the arrangement first 
suggested by Vignola for a 6 GeV light source 11J, 
This structure has come to be known as t he 
three- bend- achromat, or TBA, lattice. 

In this paper we describe the details of the 
storage ring and discu~s the characteristic features 
of the lattice. An overview o[ the Source, the 
inj ec tion system ano a discussion of the effects of 
field errors and insertion devices can be found in 
three companion papel'S presented at this Conference 
12,3,41 , 

Lattice Descdption 

Fig, 1 s hows one of t.welve identical unit cells 
that. make up the magnet latticc of t.he LIlL I.ight 
Source . Table 1 describes the parametct·s of the 
individual components. The long dispe l'sion-free 
straight sections are matched into the archromatic 
arcs by the quadrupole doublets labelled Q1IQ2, and 
the dispersion in the arc is controlled through the 
quadt"upoles labelled QF1. Vertical focusing within 
the achromat is achieved by including a gt'ad ient in 
the three bending magnets. Not only does this 
approach limit the vertical beta function within the 

*This work was supportcd by the Off ice of Energy 
Research. of f ice of Bas ic Ener~y Sc iences , U . S. 
Dept. of Energy under Contract No. DE- AC03 - 76SF00098, 
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Fig, 1 One unit cell of the lOA structure. 

magnets (and so reduces the aperture requirements), 
but it also changes lhe damping partition numbers in 
such a way as to reduce the natural emittance, and, 
as we can see in Fig. 2, produces beneficial 
separation of the beta functions at the positions of 
the chromatic sextupoles, thus reducing the fields 
required for correction . The dimensions of the cell 
have been carefully optimized to prodUce the 
required ,betatron tunes and beta values at lhe 
center of the insertion straight, labelled 13*. 
Once these dimensions nre fixed. these two sets of 
variables are no longer independent, i.e., the 
values of the beta- functions in the insertion region 
determine the tune of the machine. This dependency 
can be overcome by using another family of 
quadrupoles in the achromat and space has been 
reserved in lhe lattice should the need for such 
flexibility be found to be necessary . Fig, 2 shows 
the usuaJ lattice parametp.rs fo[" the nominal 
tune of Vx = 111 . 28, v.v B. 1B, and Table 2 
contains a summaey of tne more important lattice 
pal'amete["s. At the nominal energy of 1.5 GeV this 
llittice gives a beam with a natural emittance of 
11,1 um-rad. 

A more detailed description of how 
lattice is optimized can be found in Ref , 5, 
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Table 1. ~tructure of LBL Li&ht Source Unit Ce ll 

Component Length (m) Strength 

gr-Q1 3.315 
m- 2 0.35 +2 . 212 

Ql- Q2 0.425 
m- 2 Q2 0.2 -2 .193 

Q2-8 0 . 425 
8 0 . 1 1 .248 T, n • - 16 . 088 
B- SD 0.3 

m-3 SO 0 . 2 -88. 1 
SD-QFl 0 . 3 

m- 2 QFl 0 .5 +2.589 
QFl- SF 0.1 

m- 3 SF 0.2 +115.6 
SF-B 0.115 
8(1/2) D.35 1.248 T, n • -16. 088 
Ha lf Cell 8.2 
Circumference 196.8 

Table 2. Summary of Storage Ring Parameters 

Nominal ener gy (GeV] 
Peak energy (GeY) 
Injection energy (GeY) 
Circumference [m) 
RF frequency . (HHz) 
Harmonic number 
Natural emittance (l.5 GeV) lrun-rad ] 
Momentum compaction 
Betatron tunes - radial 

- ve rtica l 

Tunability 

1.5 
1.9 
1.5 
196.8 
499.654 
328 
4 . 08 
0 . 00143 
14.28 
8 . 18 

In any stonge ring it is important to be able 
to move the tune of the machine to avoid resonances 
and instabilities. The gross tunes of t he L8L Light 
Source have been chosen specifically to be as far as 
possible from systematic third- order r e sonances that 
are driven by the strong sextupole fields required 
for chromatic correction . This restricts the tuning 
range of interest to 14 . 0 < vx< 14.5 , 8.0 < Vy < B.S. 
Since the quadrupoles QFA are used to match the 
dispersion in the arcs , only quadrupoles QF and QD 
ace available for tuning . This limits the number of 
independently veriab l e parameters to two, say U x 
and v y I leaving the associated parame ters such 0& 

emittance , ~ and Il~ to float. HowevQr, wo 
find t hat ",ithin the tune range of i nte rest these 
variations are acceptable. For example, over t he 
whole of t he required half- integer tune square t he 
emiUance changes by only 47., Ilx from 10.0 m to 
13.0 m, and Il y fcom 3.5 m t.o 4 . 5 m. We do not 
expect t.hat c hanges of t.hese magnitudes will have 
any serious impact on the operation of the Sou['ce. 

Chromaticity Corcection and Dynamic Aperture 

The natural chromaticity (defined as 
h y " Au x y 16) of lattices designed Cor low 
emit.tance be~ms are usually quite high and t he Light 
Source is no exception: '(x = -24, (y '" - 29. In 
orde r to combat an effect called the head- t.aU 
instability, and also to Limit the tune spread at 
injection when the energy spread can be large, it is 
necessary to adj ust the ehromatieitie s to zero or 
to a sma ll positlve value . We have found that 
cor r ection can be achieved with only two families 
(the minimum number required to ensure cor r ection in 
both tcans ve rse planes) whils t. maintaining adequate 
chromati.c behavior. Fig. 3 s hows the momentum 
dependent tune- shift. of t.he stcu.cture when tho 
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Pig. 3 Momentum- dependent tune shifts. 

chromaticities are set to zero . (The ener gy 
acceptance of the Source at 1.5 GeV is in fact 
limited to ±3 . S1. by the installed rf capability. 
which provides 1.5 HV of accelerating voltage . ) 

The problem with turning on seKtupoles to 
correct the chromaUeities is that they induce 
nonlinear motion into the e l ectcon tcajectories, 
reaultLng in amplitude dependent tune vaciation and I 

ultimately, in unstable motion at an amplitude that 
defines the " dynamic aperture." We determine the 
dynamic aperture by tracking test electron 
trajectories through a computer model of t he l attice 
(using HAR'tLU: [6]) and observe where t he mollon 
becomes unbounded . The cesult is s hown in Fig. 4. 
Fig. 5 shows the radial phase s pace tcajectories of 
two e l ectrons, one with an amplitude well within the 
dynamic aporture, and the othoc c l ose to 
instability. The distort.ion of the tcajectories 
from their linear elliptical shape , caused by the 
sextupole fields, is clear . Variation of tune with 
betatcon amplitude , which has pacticular relevance 
to the e fficiency of the injec tion process, is shown 
in Fig. 6. We conclude that the effects introduced 
by chromatic correction are acceptable. The dynamic 
aperture I shown in Fig . 4. has been used to de f ine 
the beam- stay-clear region of the stor age ring, and 
in turn to specify the magnet apertures . 

Momentum Acceptance 

Another impoct.ant cons ide ration in low 
emit t ance storage rings, where the electron density 
within the bunch can be vel'y high, is lif etime 
cons t raint due to Touschek scattering. I n o rder t.o 
calculate the Touschek lifetime it. is necessary t o 
find the momentum acceptance of t.he machine. This 
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Fig. 5 
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limit can be longitudinal, I!iven by the momentum 
acceptance of the ['f accelerating system, or 
tC"ansverse, given by either the off- momentum closed 
orbit hitting the physical aperture I 0[" the 
off- momentum tC'ajectol'Y going unstable. The latter 
limits have been found by tracking trajectorles 
whose starting conditions simulate the most likely 
Touschek scat.t.er event.s , i.e., t.hey at"e started on 
axis (where the electron density is greatest) with 
the momentum deviation given by t.he scatter. The 
limit.s found in t.hi s way are 6 1j'J. in the 
achromatic at"cs (where a Touschek scatter is 
accompanied by a betatron oscillation) and 6 _ 5'" 
if the scatter occurs in the dispersion- free 
straight sections. These limits are larger than 
that imposed by the rf system, which gives 
aE/E - 3.5T.. at 1.5 CeV. However, the transverse 
limits take over at energies below 1.2 GeV . The 
implications of these results on beam lifetime are 
discussed in a companion paper at this 
Confet'ence (7]. 
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Summat'y 

In this paper we have described the details of 
t.he mBt,net lattice of the LBL 1-2 GeV Synchrot.ron 
Rod ialion Source. We have shown that the lallice is 
suff lcienUy flexible to permit adequate tuning and 
that the problems introduced by the chromatic 
sextupoles are occeptable. 
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